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Descripti n 

[0001] This invention relates to optical interferom- 
eters, in particular interferometers suitable for incorpo- 
ration in Fourier Transform (hereinafter FT) spectropho- 5 
tometers, and FT spectrophotometers incorporating 
the, in particular high-stability FT spectrophotometers, 
such as may be employed in situations where stability 
is of primary importance, e.g. in chemical plant monitor- 
ing. 

[0002] The term "interferometers)" shall hereinafter 
refer exclusively to optical interferometer(s) and all de- 
rivatives of the term shall likewise relate to optical inter- 
ferometry. 

[0003] The stability requirement of a conventional FT 
spectrophotometer intended for the routine analysis of 
chemical samples in the laboratory is readily satisfied 
because the operational environment is often ideal and 
the require stability, largely depending on the optical sta- 
bility of its interferometer, need only be maintained over 
comparatively short periods. This is not the case where 
the analysis is aimed at monitoring the intermediate and 
final products of a chemical engineering plant or, indeed, 
the chemicals used in any plant where the performance 
of a manufacturing process depends on the periodical 
or continuous monitoring of the said chemicals, often in 
situations where continuous processes are involved. 
[0004] In the context of this specification, the phrase 
"product monitoring" is intended to refer to the periodic 
or continuous testing of a chemical product in order to 
derive data, via an FT spectrophotometer, which can be 
used for the purpose of maintaining the product within 
a given specification, either by manual or automatic con- 
trol, and/or providing a timely alarm in situations where 
one or more product parameters has/have gone outside 
predetermined tolerances; and the term "stability" is 
used in the main with reference to an interferometer per 
se and any of its components, or to an FT spectropho- 
tometer incorporating it, to refer to the comparative un- 
changingness, over a protracted period, of those fac- 
tors, such as optical alignment, on which the sustained 
satisfactory performance of the interferometer, and 
hence of the FT spectrophotometer as a whole de- 
pends. 

[0005] The high stability requirement of product mon- 
itoring is largely dictated by the fact that the monitoring 
apparatus must operate reliably with a minimum of hu- 
man intervention and must therefore be capable of tol- 
erating the kind of perturbations that are likely to occur 
on the installation site. High stability in the fact of an ag- 
gressive environment means that particular attention 
must be given to the structuring and arranging of the 
critical optical components of the interferometer incor- 
porated in the FT spectrophotometer, in order to render 
them comparatively insensitive to a number of possible 
and likely environmental disturbances and thus ensure 
long periods of trouble-free operation unmarred by stop- 
pages for servicing, e.g. optical re-alignment of the said 



components. 

[0006] It has been found that available high sophisti- 
cated FT spectrophotometers designed for laboratory 
use fail to meet the stringent requirements of product 
monitoring in terms of stability, simplicity, ruggednessof 
constructions. Such instruments are intended to provide 
a versatility which is not required in product monitoring 
and leads to complexities that renders them more sus- 
ceptible to disturbances. 

[0007] An FT spectrophotometer for general labora- 
tory use typically includes an interferometer of the 
Michelson type which essentially comprises: a source 
providing a continuum of radiation (hereinafter photo- 
metric radiation) in the wavelength band of analytical in- 
terest and co-operating with a collimator to generate an 
input beam of near parallel rays; a beam splitter for split- 
ting the input beam from said source into a reflected and 
a transmitted split beam, each travelling along a forward 
path orthogonal to that of the other; an optical path dif- 
ference (hereinafter OPD) scanning arrangement in the 
path of at least one split beam; two orthogonally dis- 
posed return mirrors, each returning one split beam to 
the beam splitter along a return path coincident with the 
forward path of said split beam for the purpose of re- 
combining the two split beams at the beam splitter; and 
a detector for measuring the intensity of the centre inter- 
ferometric fringe of the recombined beam. 
[0008] In the foregoing paragraph it is assumed that 
the input beam meets the beam splitter at 45 degrees. 
A different angle of incidence may, of course, be used, 
but then the planes of the two return mirrors will intersect 
at an angle of other than 90 degrees. 
[0009] The device referred to as "beam splitter" is well 
known in the interferometric art. Its initial purpose is to 
split the interferometer input beam into two split beams, 
each retaining approximately half the intensity of the in- 
put beam. In one example, the beam splitter may include 
a well calendered thin film of a suitable plastics material 
held taut by a beam splitter supporting means, such as 
a surrounding stretching frame; in another example, it 
may include a thin layer semi-transparent to the photo- 
metric radiation made of a suitable material (e.g. silver) 
laid upon an optically flat face of a rigid substrate essen- 
tially pervious to the photometric radiation. 
[001 0] If we take the simple case of a semi-transpar- 
ent silver layer, a first split beam will be generated by 
partial reflection of the input beam incident upon the lay- 
er and a second split beam by partial transmission 
through the layer. At recombination, part of the reflected 
split beam passes through the layer and part of the 
transmitted split beam is reflected from the layer, with 
the result that as the former emerges from the layer it 
meets the latter and the respective wavefronts overlap 
and interfere. Thus a semi-transparent beam splitting 
layer is capable of performing in the dual role of beam 
splitting and recombining an interferometer input beam. 
[0011] It should be understood that the terms "scan", 
"scanning", and "scanner", as used herein, are intended 
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to relate to the generation of a continuous series of op- 
tical path differences between the two split beams, with- 
in a predetermined range, usually expressed in centim- 
eters. 

[0012] OPD scanning arrangements are known in 5 
which one of the return mirrors referred to earlier in out- 
lining a regular Michelson-type interferometer is kept 
stationary and the other is translated rectilinearly along 
the return path of the associated split beam. Such ar- 
rangements require very high mechanical accuracy be- 
cause any tilt in the rectilinear motion that translates into 
a significant fraction of the shortest photometric radia- 
tion wavelength within the applicable wavelength limits 
is unacceptable, in that it would impair accurate spatial 
overlap of the wavefronts of the respective beam com- 
ponents in the interferometric recombination process at 
the beam splitter. It has been found that the required 
accuracy can be more easily attained and maintained 
by substituting an OPD scanner in the form of a rotary 
pair of parallel mirrors, such as disclosed in GB-A- 
2163548, 

[0013] However, it is still common practice to make 
use of two separate return mirrors, which means that 
the spatial relationship of the two specular faces and the 
beam splitter must be accurately predetermined and 
maintained, bearing in mind that any perturbation affect- 
ing only one mirror, or both mirrors in a non-self cancel- 
ling manner, will prevent proper overlap of the interfering 
wavefronts of the two split beams respectively. It is not 
uncommon, for example, to support the return mirrors 
on a rigid interferometer frame machined from a casting, 
which means that the spatial relationship between the 
mirrors can be significantly affected by certain distor- 
tions of the frame produced by environmental causes, 
such as thermal cycling, mechanical vibrations, etc. In 
a laboratory instrument the effect of such causes upon 
the comparatively short term stability required can be 
tolerated, but that is not the case where the instrument 
is intended to perform a task requiring that high stability 
be maintained over protracted periods in the face of con- 
siderable perturbations. 

[0014] It is also known to arrange the return mirros in 
a common plane as described in EP-A-0491435. 
[001 5] An object of the present invention is to provide 
interferometers and FT spectrophotometers incorporat- 
ing them wherein the optical components of the interfer- 
ometer are constituted and arranged to provide good 
performance accompanied by enhanced stability. 
[001 6] According to the invention there is provided an 
optical instrument comprising a beam splitter/recombin- 
er assembly to produce two parallel light beams from an 
incoming light beam, and to recombine such beams, 
characterised in that said beam splitter/recombiner 
comprises a flat first plate transparent to said light, said 
plate having part of one surface partially reflecting, a re- 
flecting surface mounted in spaced parallel relationship 
to said first plate, said reflecting surface facing the par- 
tially reflecting surface of the first plate, the arrangement 



being such that a light beam incident on said first plate 
traverses the thickness of said first plate to be partially 
reflected by said partially reflecting surface to thereby 
produce a first beam, which propagates back through 
the thickness of the first plate, and the partially transmit- 
ted portion propagates to said reflecting surface and is 
reflected therefrom so that it passes through a non-re- 
flecting part of the said surface of said first plate and 
through the thickness of the first plate to produce said 
second beam substantially parallel to said first beam, 
whereby said two beams propagate a corresponding 
distance through said first plate. 
[0017] The beam splitter/combiner assembly may be 
a monolithic device in which the reflecting surface is 
formed on a second plate and said first plate and second 
plate are mounted upon spaced parallel slabs to thereby 
define an air gap between the plates. 
[001 8] The slabs and second plate may be made from 
a common material. The slabs and the first and second 
plates may all be made from a common material. 
[0019] The instrument may be a Michelson type inter- 
ferometer having means for producing a collimated in- 
put beam which propagates to said beam splitter/recom- 
biner, an optical path difference scanning means ar- 
ranged to receive one of said beams, and a single beam 
return means common to both beams for returning the 
beams incident thereon along a path corresponding to 
the incident path. 

[0020] The interferometer may be an FT-interferom- 
eter. 

[0021] The single return means may comprise a sin- 
gle flat mirror. 

[0022] The single return means may comprise a roof 
top type mirror. 

[0023] The optical path difference scanning means 
may comprise a pair of spacial parallel plates having 
mirroe disposed in facing relationship, said plates being 
mounted for rotation around an axis parallel to said mir- 
rors. 

[0024] With regard to the collimated nature of the 
interferometer input beam, it is well known, of course, 
that true collimation of a beam issuing from a source of 
finite radiating area by means of a collimating optical 
element is un practicable, in that the conversion of the 
spherical waves emanating from the source into true 
plane waves is only theoretically possible if the radiation 
source is a true point source, which would not however 
provide sufficient energy throughput to be useful in FT 
spectrophotometry or, indeed, other practical applica- 
tions. 

[0025] In the context of the present specification, the 
phrases "optically flat" and "accurately parallel" shall be 
understood to refer to flatness and parallelism, respec- 
tively, to an appropriate fraction of the shortest wave- 
length in which the photometric radiation is present in 
the input beam. For example, flatness or parallelism to 
one tenth of a wavelength is modest compared with one 
hundredth, which is high. 
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[0026] In the description that follows the term "inter- 
ferometer" shall be understood to relate to an optical 
interferometer generally, unless the context is specifi- 
cally directed to FT spectrophotometry. Where the tim- 
ing of interferometric data collection is governed by an 5 
auxiliary interferometer, the interferometer proper shall 
be referred to as main interferometer and is auxiliary as 
the reference interferometer. If the distinction between 
the two applies but need not be made in a given context, 
the term interferometer, in the singular, shall refer to 
their combination without prejudice to their respective 
functions. 

[0027] The parallelism of the optical elements that 
hereabove are specified as "accurately parallel" is of 
particular importance. It should be high enough to en- 
sure satisfactory spatial coincidence of the wavefront of 
one split beam with the wavefront of the other split beam 
as the beams are recombined. Any significant departure 
from coincidence will affect the optical amplitude mod- 
ulation of the central interference fringe generated by 
the interferometer and thus will lower the sensitivity of 
interference fringe detection. 

[0028] Parallelism of the said optical elements within 
the monolithic units may be preset to render it virtually 
unaffected by the usually troublesome dimensional per- 
turbations of the means, such as interferometer frame 
or base plate, for supporting said units. Such perturba- 
tions can only affect the spacing between the monolithic 
units and between the OPD scanner and the beam re- 
versing means. However, the said spacing is not critical 
in that the use of beam reversing means common to 
both parallel beams ensures that within limits, which are 
wide in interferometer terms, the parallel beams are 
equally affected and their recombination is not impaired. 
This contrasts with any prior art arrangement wherein 
two return mirrors are used which are mounted directly 
on a common interferometer support means. There is a 
spatial inter-relationship linking the two return mirrors 
and the beam splitter which is invariably critical, and if 
that is affected by perturbations of the interferometer 
support means, accurate beam recombination cannot 
take place. 

[0029] Implementing the beam splitter and recombin- 
er units and the OPD scanner in the form of two mono- 
lithic units co-operating with a single return mirror ena- 
bles a high level of stability to be maintained for protract- 
ed periods. 

[0030] An interferometer in accordance with the 
present invention may be linked to a remote station from 
which photometric radiation modulated by a sample 
thereat, e.g. a flowing product in a manufacturing proc- 
ess, may be transmitted to the optical input of the inter- 
ferometer by means of an optical fibre. If the interferom- 
eter forms part of an FT spectrophotometer, the ar- 
rangement is particularly suitable for product monitor- 
ing, in that it widens the choice of where the spectropho- 
tometer proper may be located so as to avoid as far as 
possible particularly aggressive environments. 
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[0031] Applications such as product monitoring do not 
require the comparatively large interferometer etendue 
(optical throughput) associated with FT spectrophotom- 
eters intended for general laboratory use. This means 
that a single optical fibre of comparatively small diame- 
ter, say, between .1 and .6 mm, may be used. The eten- 
due (hereinafter etendue) associated with such fibre 
makes possible a comparative miniaturization of the op- 
tical constituents of the interferometer, which itself con- 
tributes to the stability of the interferometer as a whole. 
Fibres providing larger etendues may be desirable, of 
course, if the higher cost can be justified. 
[0032] However, in applications which do not involve 
remote sampling it may be beneficial to provide much 
larger etendues, closer to those of general purpose lab- 
oratory instruments. 

[0033] In a Michelson-type interferometer in accord- 
ance with the invention, the input beam is provided by 
a suitable source of photometric radiation and the output 
beam issuing from the interferometer is received by a 
suitable detecting device. The locations of the source 
and the detecting device are, of course, reversible in ac- 
cordance with the optical reversibility principle. This 
means that the path changing means co-operates with 
the split beam that is transmitted through the beam split- 
ter (identified earlier as the second split beam) if the lo- 
cations are as normally shown in representing a Michel- 
son interferometer and co-operates with the reflected 
split beam (identified earlier as the first split beam) if the 
locations are reversed. 

[0034] The invention will now be described in greater 
detail with reference to the accompanying diagrammatic 
drawings, wherein:- 

Fig. 1 is a schematic representation of a prior art 
optical interferometer incorporated in a prior art FT 
spectrophotometer; 

Fig. 2 is a schematic representation of an example 
of an optical interferometer in which the invention 
can be incorporated; 

Fig. 3 is an exploded perspective view of a beam- 
splitter-and-recombiner monolithic unit that can be 
incorporated in the interferometer of Fig. 2 to pro- 
vide an interformeter in accordance with the inven- 
tion; 

Fig. 3A is a modification of Fig. 3; 
Fig. 3B is another modification of Fig. 3; 
Fig. 4 is an exploded perspective view of an OPD 
scanner monolithic unit that may be advantageous- 
ly incorporated in the interferometer of Fig. 2; 
Fig. 5 is a plan view of an interferometer, in accord- 
ance with the invention, including the monolithic 
units depicted in Figures 3 and 4; 
Fig. 6 is a plan view of an interferometer, in accord- 
ance with the invention, in association with optical 
fibre input means, as applicable to the remote sam- 
pling and analysing of a product; 
Fig. 7 is a perspective view of a structural layout 
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applicable to the interferometers of Figures 5 and 
6, respectively. 

Fig. 7A is an exploded view of a detail of Fig. 7. 
Fig. 8 is a schematic illustration in elevation of a 
modified interferometer in accordance with the 
present invention. 

[0035] For a better understanding of the advance- 
ment in the interferometric art, particularly as applied to 
FT spectrophotometry, achieved by the present inven- 
tion, the interferometer incorporated in a prior art FT 
spectrophotometer will now be outlined with reference 
to Fig. 1 by following the path of the axial ray AR of a 
paraxial beam emerging from a collimator 1 A of photo- 
metric radiation emitted by a source 1 capable of gen- 
erating a continuum of radiation in a given spectral 
range of analytical interest. The ray AR first meets an 
optically flat beam splitter 2 at an angle of 45 degrees, 
with the result that about 50% of the ray intensity is re- 
flected therefrom at 90 degrees and 50% is transmitted 
therethrough. The reflected AR ray portion is referenced 
ARR (acronym for Axial Ray Reflected) and the trans- 
mitted portion ART (acronym for Axial Ray Transmitted). 
[0036] ARR undergoes two right-angles deflections 
by passing through an OPD scanner 3 in the form of a 
rotatable mirror assembly comprising face-to-face ac- 
curately parallel and optically flat mirrors 3Aand 3B. The 
ray ARR emerges from the OPD scanner 3 is a direction 
parallel to that in which it entered it and impinges on a 
first return mirror 4, which causes ARR to retrace its path 
back to the beam splitter 2. 

[0037] ART, on the other hand, has a clear forward 
path to a second return mirror 6, by which it is reflected 
back to the beam splitter 2 along a return path coincident 
with the forward path, as in the case of ARR. 
[0038] The parallel mirrors 3A and 3B of the OPD 
scanner 3 are mounted for rotation as an assembly 
around an axis 3C intermediate therebetween and at 
right angles to the plane of the paper. With the OPD 
scanner 3 in the position shown (hereinafter referred to 
as mid-scan position), the optical path length between 
the beam splitter 2 and the first return mirror 4 is identical 
with that between the beam splitter 2 and the second 
return mirror 6. Clockwise rotation of the OPD scanner 

3 from the mid-scan position causes the optical path 
length between the beam splitter 2 and the return mirror 

4 to increase with respect to the fixed optical path length 
between the beam splitter 2 and the return mirror 6 and 
anti-clockwise rotation causes it to decrease. The func- 
tion of the OPD scanner 3 is, therefore, to cause the 
difference between the two optical path lengths to 
change over a predetermined range corresponding to 
an angular motion of the scanner between clockwise 
and anti-clockwise predetermined limits. 

[0039] Although the effect of scanning the OPD is de- 
scribed at lengths in the Imported Patent, along with oth- 
er background details on the relevant interferometric art, 
an outline of the recombination process is given here- 
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with for the convenience of the reader. 
[0040] In correspondence of the mid-scan position, 
each constituent of the entire spectral range of photo- 
metric radiation emanating from the source 1 is split into 

5 two portions, one contributing to ray ARR and the other 
to ray ART. Because of the equality of optical path 
lengths referred to hereabove, the two portions are re- 
turned to the beam splitter 2 in phase coincidence and, 
consequently, their intensities add up by constructive in- 
to terference. In other words, each pair of split portions un- 
dergoes recombination to form, collectively, a ray ARC 
the intensity of which is "seen" by the photodetector 5 
is approximately equal to that of the unsplit ray AR. 
[0041] At any OPD scan position other than mid-scan, 

15 the intensity of the ARC ray as "seen" by the photode- 
tector 5 depends on the phase established between the 
two split portions of each pair at recombination. The in- 
tensity contributed by each pair varies from a maximum 
at phase coincidence (constructive interference) to a 

20 minimum at phase opposition (destructive interference). 
The difference between theoretical maximum and actu- 
al intensities is re-directed to the source 1. 
[0042] In the prior art arrangement outlined with ref- 
erence to Fig. 1, the mirrors 4 and 6 are mounted on a 

25 common frame (not shown) and their orthogonality must 
be set and maintained to an accuracy relatable to a 
small fraction of the shortest wavelength in which radi- 
ation is present in the rays emanating from source 1 . 
The tilt tolerance of general purpose FT spectrophotom- 

30 eters is typically one or two arc-seconds. The beam 
splitter 2 is also mounted on the common frame and its 
spatial relationship with each of the mirrors 4 and 6 must 
likewise be accurately determined and maintained. 
[0043] An interferometer in which the present inven- 

35 tion can be incorporated is outlined in Fig. 2 in a sche- 
matic form similar to that of Fig. 1 . Like elements in the 
two figures are denoted by like reference, except that 
the photodetector 5 in Fig. 1 is to be regarded as an 
interferometer output device 5 in Fig. 2, in that in the 

40 latter figure it could be a photodetector, as in the case 
of Fig. 1, but it could also be something else, e.g. a 
screen for viewing the interferometric fringes, depend- 
ing on the application for which the interferometer is in- 
tended. 

45 [0044] In Fig. 2, the forward path of ray AR from 
source 1 to return mirror 4 via collimating means 1A, 
beam splitter 2 and OPD scanner 3, as well as the return 
path from mirror 4 to the output device 5 via OPD scan- 
ner 3 and beam splitter 2 are matched by the like paths 

50 in Fig. 1 . However, return mirror 6 (Fig. 1) has been dis- 
pensed with and, as a result, the troublesome orthogo- 
nal alignment between mirror 4 and mirror 6 (Fig. 1 ) has 
been avoided altogether. This has been achieved by in- 
troducing a backing mirror 7, in accurately parallel 

55 spaced relation to the beam splitter 2, to deflect the 
transmitted portion of ray AR, i.e. ray ART, onto the mir- 
ror 4. The parallel relationship between backing mirror 
7 and beam splitter 2, ensures that ART travels to and 
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from the mirror 4 parallel to ARR. 
[0045] The beam splitter 2 is of the type comprising a 
semi-transparent beam splitting and recombining layer 
(hereinafter beam splitting layer) and in fact it is involved 
in the performances of both functions, in a manner that 
will be present described. It could be referred to as beam 
splitter and recombiner but the shorter form has been 
adopted for the purpose of the present description , with- 
out prejudice, however, to dual role performed by the 
said layer. The beam splitter 2 and the backing mirror 7 
are part of the "beam splitter and recombiner means" 
introduced earlier. 

[0046] It will be appreciated that the single return mir- 
ror 4 constitutes a specific form of the aforementioned 
"beam reversing means common to both parallel 
beams", the parallel beams being the split beams of 
which ARR and ART are the axial rays, respectively. 
[0047] The co-operation of the single mirror 4 with the 
parallel split beams in the arrangement outlined in Fig. 
2 paves the way to the realization of the additional fea- 
tures for enhancing interferometer performance, in par- 
ticular sustained stable performance, by making it sub- 
stantially insensitive to the effect of any perturbations 
suffered by the means for supporting the optical ele- 
ments of the interferometer in predetermined spaced re- 
lation. 

[0048] Accurate wavefronts overlap calls for accurate 
parallelism between beam splitter 2 and backing mirror 
7 and between mirrors 3A and 3B of OPD scanner 3. 
The generalities stated for the OPD scanner 3 of Fig. 1 
equally apply to the OPD scanner 3 of Fig. 2. In one 
particular realization of the interferometer in accordance 
with the invention, comparative insensitivity to distur- 
bances affecting parallelism is enhanced by implement- 
ing the function of the beam splitter 2 and backing mirror 
7 in a beam splitter and recombiner monolithic unit, and 
the function of mirrors 3A and 3B in an OPD monolithic 
unit. 

[0049] In each monolithic unit, parallelism is preset 
and maintained in a manner totally independent of the 
beams for supporting the monolithic units in spaced re- 
lation, i.e. baseplate or frame. This contrasts with the 
prior art arrangement of Fig. 1 , wherein the orthogonality 
of the return mirrors 4 and 6 is affected by perturbations 
of a common frame to an extent that is not acceptable 
in high stability interferometers. However, some pertur- 
bations may slightly alter the spacing between the two 
monolithic units or between the OPD monolithic unit and 
the single return mirror 4, but because ARR and ART 
are both received and returned by mirror 4 as two par- 
allel rays, the effect of the recombination of the split 
beams is insignificant. In fact, the spacing tolerance 
achievable is such that at the factory the monolithic units 
and the single return mirror may be simply located in 
position by urging them against machined abutments 
under light spring pressure - the machining accuracy 
which can readily be achieved in manufacture, and 
which is far lower than would be normally associated 



with interferometric devices, being quite adequate for 
the purpose. 

[0050] The beam splitter and recombiner monolithic 
unit and the OPD monolithic unit will now be described 
5 in detail with reference to the exploded views of Figures 
3 and 4, respectively. 

[0051] In Fig. 3 the functions of the beam splitter 2 
and the backing mirror 7 shown in Fig. 2 are met by a 
beam splitter and recombiner monolithic unit 8 forming 

10 a mechanically and chemically stable structure compris- 
ing two co-operating parallelepipedal slabs 8A and 8B 
held in spaced relation by identical thicknesses of elon- 
gated parallelepipedal spacers 8C, the slabs and the 
spacers being approximately 1 cm thick. 

15 [0052] The splitting function is performed by a semi- 
transparent beam splitter layer 8A2 adherent to the in- 
ner face 8A1 of the slab 8A. Spaced from the slab 8A is 
the parallelepipedal slab 8B. The backing function is 
performed by a backing mirror layer 8B2 adherent to the 

20 face 8B1 of slab 8B. Opposed faces 8A1 and 8B1 are 
optically flat and accurately parallel. Parallelism there- 
between is achieved in a highly stable manner by inter- 
posing the two elongated parallelepipedal spacers 8C, 
the opposite working faces of which, 8C1 and 8C2, are 

25 optically flat and accurately parallel. The spacers 8C are 
located at opposite lateral extreme regions of the facing 
slabs 8A and 8B so as to leave an unencumbered air 
space therebetween, which is pointed to by the arrow 
AS. Slabs 8A, 8B and spacers 8C are preferably made 

30 of the same material to minimize the effect of differential 
thermal expansion on the stability of the monolithic unit 
8 as a whole. The choice of the material is essentially 
determined by the fact that slab 8A must be pervious to 
the input beam radiation within the wavelength range of 

35 interest. 

[0053] Adherence between slab face 8A1 and spacer 
faces 8C1 is achieved by bringing the co-operating fac- 
es into abutment and relying on the effectiveness of the 
bond between optically worked surfaces in close con- 

40 tact, which in this specification is referred to as optical 
contact. Similarly, slab face 8B1 is made to adhere to 
spacer faces 8C2. Joining optically worked faces by op- 
tical contact is a well known method of assembly in op- 
tical engineering. 

45 [0054] The primary function of the slab 8A is to pro- 
vide a stable support for the layer 8A2. However, it 
serves an additional important purpose, it might be 
thought that slabs 8A and 8B should be staggered along 
the spacers 8C so as to allow the ray ART (Fig. 2) to 

50 reach the return mirror 4 (Fig. 2) and reverse from it with- 
out undergoing refractions, as in fact shown in Fig. 2. If 
that were done, and the ART ray were not refracted 
through slab 8A at the generally clear area marked 8A3, 
the optical path lengths of the two split rays ARR and 

55 ART (Fig. 2), as distinct from their geometrical path 
lengths, would not be identical when the OPD scanner 
3 (Fig. 2) was in its mid-scan position because ART 
would not suffer retardation through the slab 8A but ARR 
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would. By adopting the layout of Fig. 3, wherein ray ART 
is reflected by the backing mirror layer 8B2 so as to be 
directed through the clear portion 8A3 of slab 8A, above 
beam splitting layer 8A2, both split rays undergo retar- 
dation to the same extent and, therefore, constructive 5 
interference takes place with the OPD scanner 3 (Fig. 
2) in its mid-scan position. In other words, the slab 8A 
acts both as a support for the layer 8A2 and an optical 
path length compensator equalizing the optical path 
lengths of the split beams ARR and ART when the OPD 
scanner 3 is at mid-scan. It is worthy of note that com- 
pensation is correct for all wavelengths of the photomet- 
ric radiation. No compensation is, of course, required if 
the beam splitting layer is not supported on a thick sub- 
strate causing a substantial disparity of optical path 
lengths. In Figure 2, the beam splitter 2 is not backed 
by a thick support, which means that the equalization of 
geometrical path lengths alone (as distinct from optical 
path length) is adequate in practice and any slight retar- 
dation caused (such as due to a thin supporting sub- 
strate) may be compensated for by slightly offsetting the 
mid-scan position. The path of the rays ARR and ART 
passing through the monolithic unit 8 will be followed 
later, with reference to Figure 5. 
[0055] In Fig. 4 the function of the OPD scanner 3 (Fig. 
2) is performed by an OPD scanner monolithic unit 9, 
which in general structural terms is similar to the mon- 
olithic unit 8 described hereabove with reference to Fig. 
3, in that spacers 9C, similar in shape to spacers 8C, 
except for being bevelled as shown, maintain two par- 
allelepipedal slabs 9A and 9B spaced apart in accurate- 
ly parallel relationship in the manner in which spacers 
8C maintain such relationship between slabs 8A and 8B 
in Fig. 3. The inner faces, 9A1 and 9B1 , of slabs 9A and 
9B, respectively, are each provided with a mirror layer, 
9A2 and 9B2. Staggering of the slabs 9A and 9B has 
been provided to permit unobstructed entry and exit of 
the ARR ray (Fig. 2) for any OPD scan angle of unit 9 
within the design range. The optical requirements, in 
terms of flatness and parallelism stated for the mono- 
lithic unit 8 (Fig. 3) equally apply to the monolithic unit 
9, but, unlike slab 8A in Fig. 3, the slabs 9A and 9B need 
not be pervious to the photometric radiation from source 
1 (Fig. 2), of course. The path of the ARR ray passing 
through the monolithic unit 9 will be followed with refer- 
ence to Fig. 5. 

[0056] Because units 8 and 9 are similar, the same 
material and the same skills may be used in their reali- 
zation. In fact, the same process may be employed for 
producing slabs and spacers each with working faces 
that are accurately flat and parallel. Such faces permit 
the slabs to be joined to the spacers by optical contact, 
which, compared to other methods of securing reten- 
tion, is less likely to induce strain leading to an impair- 
ment of optical accuracy. In order to establish and main- 
tain proper optical contact between the co-operating op- 
tically worked surfaces, it is essential to ensure that they 
are chemically clean and free from any intervening ex- 



traneous particles before they are brought together. 
Layers 8A2 and 8B2 of unit 8 as well as layers 9A2 and 
9B2 of units must each be confined to a permitted region 
of the supporting surfaces outside the optical contact ar- 
eas involving spacers 8C and 9C, In Fig. 3, layer 8A2 
shares the permitted region with the clear space 8A3, 
and layer 8B2 occupies the whole of the permitted re- 
gion, as is the case with layers 9A2 and 9B2, respec- 
tively, in Fig. 4. Optical grade fused silica has been used 
successfully in the manufacture of units 8 and 9. 
[0057] Although optical contact is known to be a reli- 
able method of maintaining adherence between optical- 
ly flat surfaces and, in fact, it has been used even in 
airborne equipment, there may be situations where an 
interferometer in accordance with this invention is to be 
operated in a particularly disturbed environment where- 
in the occurrence of shock waves reaching unpredicta- 
bly high peaks capable of causing optical contact failure 
cannot be ruled out. 

[0058] Optical contact is known to resist much larger 
separating forces acting approximately along the nor- 
mal to the abutting surfaces compared to forces acting 
in shear along the plane of said surfaces. It is, therefore, 
proposed to reduce the risk of optical contact failure un- 
der extreme circumstances by providing bridging means 
assisting the optical contact action in resisting forces in 
shear. The bridging means are applied in the manner 
depicted in Fig. 3A, wherein a bridging plate 8D binds 
together the longitudinal outer side of spacer 8C and the 
flanking sides of slabs 8A and 8B co-planar therewith, 
by means of a suitable adhesive layer 8D1 interposed 
between the plate 8D and the co-planar sides. The ar- 
rangement is duplicated at the lateral end of monolithic 
unit 8 opposite to that shown in Fig. 3A. A Dow Corning 
silicate rubber adhesive has been used to form the ad- 
hesive layer 8D1. 

[0059] An interferometer in accordance with the in- 
vention, representing an elaboration of that outlined with 
reference to Fig. 2 that is achieved by incorporating the 
monolithic units 8 (Fig. 3) and 9 (Fig. 4), will now be de- 
scribed with reference to Fig. 5, which provides a basic 
optical interferometer layout adaptable for diverse and 
demanding applications, of which the replacement of 
the interferometer initially included in the FT spectro- 
photometer of GB-A-21 63548 will be given as an exam- 
ple. 

[0060] In the description that follows all figure num- 
bers and drawing references relating to GB-A-21 63548 
will be distinguished by the suffix (i.p.) from those relat- 
ing to the present specification. Unless otherwise indi- 
cated, all drawing references marked (i.p.) relate to both 
Fig. 4 and Fig. 5 of GB-A-2163548. 
[0061] The optical input means for the interferometer 
disclosed in GB-A-2163548, beginning with the source 
1 (i.p.) and ending with the parabolic mirror 20 (i.p.), are 
incorporated in the present embodiment. They are de- 
scribed from page 25, line 13 to the end of page 26 of 
GB-A-2163548. Also incorporated are the laser 25 (i.p.), 
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the mirrors 26 (i.p.), 28 (i.p.) and 29 (i.p.), the 1/8 wave 
plate 30 (i.p.) (hereinafter 1/8 plate 30 (i.p.)), the laser 
beam sensing unit 27 (i.p.), the parabolic mirror (22 (i. 
p.), the sample carrier 23 (i.p.), the elliptical mirror 24 (i. 
p.) and the detector 9 (i.p.). The presence of the laser 5 
beam in place of substantial part of the core of the main 
interferometer beam naturally means that the etendue 
of the main interferometer must be sufficient to allow the 
consequent loss of main interferometer throughput to be 
tolerated. The Fig. 5 embodiment is intended for general 
applications and it can tolerate the merging of the two 
interferometer beams in the manner disclosed in GB-A- 
2163548 (see page 29, lines 11-16). 
[0062] Shown in Fig. 5, in assumed proper spaced re- 
lation with the collimating parabolic mirror 20 (i.p.), is 
the beam splitter and recombiner monolithic unit 8 of 
Fig. 3 hereof, comprising slabs 8A, 8B and spacers 8C; 
and above it is the single return mirror 4, in the form of 
a fused-silica parallelepipedal block 4A supporting a 
mirror layer 4B upon which an image of aperture 1 7A (i. 
p.) is formed by parabolic mirror 20 (i.p.). The OPD scan- 
ner monolithic unit 9 of Fig. 4, comprising slabs 9A, 9B 
and spacers 9C, is shown between the monolithic unit 
8 and the return mirror 4 at the mid-scan position corre- 
sponding to an angle of rotation around axis AX approx- 
imately midway between the clockwise and anti-ctock- 
wise angles of rotation representing the scanning limits. 
Between the monolithic unit 8 and the single mirror 4, in 
the path of ray ART, is the 1/8 plate 30 (i.p.) relocated 
from the position occupied in the substituted interferom- 
eter of GB-A-21 63548. The said plate just covers the 
cross-section of the reference interferometer beam, 
which means that it is not in the way of the main inter- 
ferometer beam. 

[0063] The functions of the optical elements depicted 
in Fig. 5 hereof are best appreciated by following the 
path of the axial ray AR emerging from the collimating 
parabolic mirror 20 (i.p.) as if the path of said ray were 
not in fact obstructed first by the small mirror 26 (i.p.) as 
if the path of said ray were not in fact obstructed first by 
the small mirror 26 (i.p.) for inserting the beam of the 
reference laser 25 (i.p.) into the core of the collimated 
beam issuing from parabolic mirror 20 (i.p.) and later by 
the mirror 28 (i.p.) for recovering the reference laser 
beam. In a collimated beam the optical behaviour of the 
axial ray fairly well represents the behaviour of any ray 
in the beam. Ray AR first meets the upper face of the 
parallelepipedal slab 8A at an angle of approximately 
45 degrees and is refracted through the slab 8 A before 
impinging upon the beam splitting layer 8A2 (see also 
Fig. 3), whereat it is split into two parts of approximately 
equal intensities, one part, ARR, being reflected and the 
other, ART, transmitted. 

[0064] Ray ARR is reflected back through the slab 8A 
and, therefore, suffers retardation, before emerging at 
approximately right angles to the path of AR when en- 
tering monolithic unit 8. Ray ARR now impinges upon 
mirror layer 9A2 of slab 9A of monolithic unit 9, is re- 
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fleeted onto the mirror layer 9B2 of slab 9B, emerges 
along a path parallel to the entry path into unit 9 and 
then completes its forward travel by impinging upon the 
mirror layer 4B of single return mirror 4, which returns it 
along a reverse path substantially coincident with the 
forward path to the beam splitting layer 8A2. 
[0065] Ray ART crosses the air space AS (Fig. 3 of- 
fers a better indication), is reflected back into it by the 
backing mirror layer 8B2 and is refracted through the 
slab 8A, thus compensating for the retardation suffered 
by ARR, to emerge into a path which is approximately 
at right angles to the original path of AR before it entered 
unit 8 and is accurately parallel to the path of ray ARR 
exiting from unit 9. ART then impinges upon the mirror 
layer 4B of single return mirror 4, thus completing its 
forward travel, and is reflected back into its reverse trav- 
el, while keeping to substantially the same path as in the 
forward travel. ART now passes in reverse through the 
slab 8A, through the air space AS and is reflected by the 
backing mirror layer 8B2 onto the beam splitting layer 
8A2. 

[0066] Rays ARR and ART having thus returned, via 
their respective reverse paths, to the beam splitting lay- 
er 8A2, recombine thereat in phase coincidence, since 
the monolithic unit 9 is in the mid-scan position. It follows 
that their intensities add up, with the result that the in- 
tensity of the recombined axial ray ARC is nearly equal 
to that of the unsplit ray AR, as stated earlier when the 
recombination process was described in greater detail 
with reference to Fig. 1. Ray ARC reaches the detector 
9 (i.p.) via the air space AS, (left unobstructed by trun- 
cating the slab 8B as shown), the parabolic mirror 22 (i. 
p.), the sample holder 23 (i.p.) and the elliptical mirror 
24 (i.p.). 

[0067] Ray ARC is the axial ray of the interferometer 
output beam, of course. The paths of rays AR, ARR, 
ART and ARC are close to those of the interferometer 
input beam, the reflected split beam, the transmitted 
split beam and the recombined beam, respectively. In 
all the beams the reference interferometer beam is 
merged with the main interferometer beam but the two 
are handled as one beam, except in so far as the former 
beam is routed through the 1/8 plate 30 (i.p.) and the 
latter is not. 

[0068] The beam travelling along the path of ray ARC 
is, of course, the combined reference interferometer and 
main interferometer output beam and correspond to the 
combined output beam issuing from the substituted 
interferometer of GB-A-2163548. As in GB-A-2163548, 
the reference interferometer output beam is extracted 
by the small mirror 28 (i.p.) and directed onto the laser 
beam sensor 27 (i.p.) by folding mirror 29; the remaining 
main interferometer beam is directed to parabolic mirror 
22 (i.p.), which converges it onto its focal region, 
whereat an image of the Jaquinot stop 2A (i.p.) is 
formed, and is further handled in the manner described 
in GB-A-2163548 with reference to sample carrier 23 (i. 
p.), elliptical mirror 24 (i.p.) and detector 9 (i.p.). 
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[0069] It will be readily appreciated that in Fig. 5 the 
path lengths of rays ARR and ART between slab 8A and 
mirror layer 4B are unequal, particularly because ray 
ARR traverses the unit 9 and ray ART by-passes it. The 
disparity is compensated by adjusting the air space AS 5 
between layers 8A2 and 8B2, and, therefore, the path 
length of ray ART alone, so as to match the path length 
of ray ARR. Because both rays suffer refraction through 
slab 8A to the same extent, their optical path lengths - 
and not just their geometrical path lengths - are equal- 
ized at the mid-scan position of unit 9 shown in Fig. 5. 
In other words the optical path lengths are matched for 
all wavelengths of the photometric radiation. 
[0070] In so far as the width of the air space AS gov- 
erns the separation between the rays ARR and ART, it 
cannot be less than the minimum acceptable separation 
between the said rays. In Fig. 5, the width of the air 
space AS is determined entirely by the required sepa- 
ration because that width has been made equal to the 
spacing between slabs 9A and 9B in the OPD scanner 
9. If for design reasons the said slabs were spaced apart 
by a greater amount, the excess would have to be 
matched by a corresponding increase in the width of the 
air space AS, in order to maintain matching of optical 
path lengths between rays ARR and ART in correspond- 
ence of the mid-scan position shown in Fig. 5. It would 
naturally follow that the separation between ARR and 
ART would be correspondingly increased. 
[0071] The energy reaching the beam splitting layer 
8A2 along the return paths of rays ART and ARR natu- 
rally includes contributions from radiation of differing 
wavelengths since the radiation source 1 (i.p.) is poly- 
chromatic. Because the OPD scanner unit 9 is in its mid- 
scan position, the wavefront of rays ART and ARR of 
each contribution will coincide at beam splitting layer 
8A2 regardless of wavelength, i.i. they will undergo con- 
structive interference. The detector 9 (i.p.) will therefore 
receive substantially the full energy of the interferometer 
input. In other words, with the OPD scanner unit 9 sta- 
tionary at the mid-scan position, the photometric radia- 
tion from source 1 (i.p.) that has passed through the 
interferometer undergoes constructive interference 
over its entire spectral range. The signal generated by 
the said detector 9 (i.p.) is therefore at its peak, the am- 
plitude varying with the sample under analysis and 
reaching its maximum, of course, when no sample is 
present at the sample station whereat the sample carrier 
23 (i.p.) is located. As the OPD scanner 9 is rotated from 
one to other scanning limit, the detector 9 (i.p.) will pro- 
duce an electrical output representing a double-sided 
interferogram of the source, if no sample is present in 
the sample carrier 23 (i.p.) or an interferogram of the 
source is modified by the sample, if a sample is present. 
At the intermediate angular position corresponding to 
mid-scan, the interferogram will display an amplitude 
peak referred to in the art as the centre burst. The man- 
ner in which an interferogram is generated is described 
in greater detail in GB-A-21 63548. 



[0072] In the embodiment of Fig. 5, the sample under 
analysis is intended to be placed in carrier 23 (i.p.), 
downstream of the main interferometer, which is in ac- 
cordance with standard practice if the sample station is 
located within the boundary of an FT spectrophotome- 
ter. In monitoring an industrial process by FT spectro- 
photometry, it is often found convenient for the sampling 
an analyzing functions to be performed at separate lo- 
cations; the first, at a remote station where a process is 
carried out, and the second, at a more conveniently sited 
near station. It means that the FT spectrophotometer at 
the near station receives a radiation input which has al- 
ready been modified by the sample at the remote sta- 
tion. 

[0073] The embodiment of Fig. 6 is directed to remote 
product monitoring. It shares the monolithic units 8 and 
9 and the single return mirror 4 with the Fig. 5 embodi- 
ment, but is intended to handle an optical-fibre input. 
Furthermore, the main interferometer beam and the ref- 
erence interferometer beam are not combined as in Fig. 
5 but are routed through separate parallel paths. 
[0074] In Fig. 6 it is assumed that all of the elements 
diagrammatically shown in Fig. 5 (i.p.) have been dis- 
carded, with the exception of the laser 25 (i.p.), the plane 
mirror 26 (i.p.) co-operating therewith, the sensor 27 (i. 
p.) and the 1/8th plate 30 (i.p.), ail of which have been 
rearranged as shown and hereinafter described. 
[0075] At the remote station, a probe 10 is fitted to a 
duct 11 through which a fluid product to be monitored 
flows, past two hermetically sealed windows 11 A and 
11 B. The probe 10 includes a first convex lens 10A, in 
spaced relation with the output end 12B of an optical 
fibre 12, the input end of which, 12A, is located at the 
focus of a converging lens 13 collecting a cone of rays 
from a photometric source 14 in the form of a quartz- 
iodine tungsten filament lamp. The output end 12B of 
the optical fibre 12 is positioned at the focal plane of the 
lens 10A, which therefore produces a collimated beam 
passing through the window 11 A, the product flowing in 
duct 11 , and the window 11 B. A second convex lens 1 0B 
focusses the collimated beam exiting from window 11 B 
onto input end 1 5A of a second optical fibre 1 5. The op- 
tical signal thus emerging at output end 15B of fibre 15 
represents the radiation flux conveyed by the first fibre 
12 after it has been modulated by the product flowing 
past the windows 11 A and 11B. Optical fibres 12 and 15 
are made of silica and are designed to provide high 
transmittance of the photometric radiation. They 
measure .2mm in diameter. 

[0076] The fibre termination 15B is positioned form 
transferring the modulated optical signal to the main 
interferometer represented essentially by the monolithic 
units 8 and 9 and the single return mirror 4. The said 
units function in the manner described with reference to 
Fig. 5, except that the main interferometer beam and the 
reference interferometer beam follow separate paths, 
as explained below. The termination 15B is optically 
matched via a lens system 16 that projects a magnified 
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Image thereof at the Jaquinot stop provided by aperture 
17A in plate 17. Lens system 16 includes a first convex 
lens 1 6A, spaced by its focal length from the termination 
15B, and a closely following plano-convex lens 16B 
spaced from the lens 1 6A by the focal length of the latter 
the two lenses co-acting to image fibre termination 15B 
onto the Jaquinot stop 17A at an overall system magni- 
fication ratio of approximately 12/1. 
[0077] Downstream of the lens system 16, a plano- 
convex collimating lens 18 is provided the focal plane of 
which coincides with the Jaquinot stop 17a, with the re- 
sult that the rays emerging from the said stop are direct- 
ed as a collimated bundle at the monolithic unit 8, the 
stop itself being imaged at infinity. In addition, the sep- 
aration between the lens 18 and the lens system 16 is 
such that an image of the pupil stop 16C is projected 
onto the return mirror 4. 

[0078] The "pupil stop" is a term of art. It may refer to 
an actual physical stop at a pupil position, as in the case 
of aperture 17a (i.p.) in baffle plate 17 (i.p.) of Fig. 4 (i. 
p.), or it may refer to the boundary of a pupil as geomet- 
rically defined by the peripheral intersections of diamet- 
rically opposed marginal rays, as in the present embod- 
iment. 

[0079] Two of the numerous intersections delimiting 
the pupil stop 16C stop are shown at 16C1 and 16C2 in 
Fig. 6A, in which certain rays emanating from the termi- 
nation 15B are traced through the lens system 16. The 
tracing has not been continued through Jaquinot stop 
1 7A and lens 1 8 to avoid congestion, the only ray shown 
being the axial ray AR. 

[0080] In the diagrammatic plan view of Fig. 6, the ax- 
ial rays of the main interferometer beam and the refer- 
ence interferometer beam could not be drawn as spaced 
apart since the two beams are in fact spaced along a 
vertical of the monolithic unit 8, and hence the monolithic 
unit 9: in the plane view of units 8 and 9 the upper ray 
"hides" the lower. In order to distinguish them, the axial 
ray AR of the main interferometer beam is shown as a 
solid line and the axial ray LB of the reference interfer- 
ometer beam as a closely adjacent dashed line. The 
progress of the axial ray AR issuing from the collimating 
lens 18 and the splitting and recombining thereof is as 
described with reference to Fig. 5 hereof for rays AR, 
ARR, ART and ARC. In Fig. 6 the recombined ray ARC 
reaches a thermoelectrically cooled indium gallium ar- 
senide detector 20 via a deflecting mirror 1 9 and convex 
lens 20A adapted to just fill the sensitive surface of de- 
tector 20 with the available radiation energy. 
[0081] Repositioned laser 25 (i.p.) and small mirror 26 
(i.p.) co-operate in directing the laser beam along a path 
parallely spaced all along from the ray AR of the main 
interferometer. There are therefore identified a laser 
beam axial ray LB, split into a reflected portion LBR and 
transmitted portion LBT, which are recombined into a ray 
LBC that is admitted to the sensor 27 (i.p.). 
[0082] The transmitted ray portion LBT - but not the 
transmitted ray portion ART, of course - traverses the 



1/8 plate 30 (i.p.) relocated from the position shown in 
Fig. 5 (i.p.) and, after reflection from the mirror 4, re- 
traverses it in the opposite direction. The function of 
plate 30 (i.p.) is described in GB-A-21 63548 (see from 
5 end paragraph on page 39 to end of first paragraph on 
page 41). 

[0083] The monolithic unit 8 incorporated in the Fig. 
6 embodiment comprises the beam splitting layer 8A2 
depicted in Fig. 3, which is shared by rays AR and LB. 

10 Another alternative is to provide two separate layers 
side by side: one, receiving the AR ray, optimized for 
performance in the wavelength band of the polychro- 
matic source 1 4; and the other, receiving the LB ray, op- 
timized for the wavelength of the monochromatic refer- 

15 ence source represented by laser 25 (i.p.). Optimization 
of the optical function is achieved by suitable choice and 
arrangement of layered materials, in known manner. In 
Fig. 3B, two such layers are shown as a modification of 
the single layer 8A2 depicted in Fig. 3: layers 8A2A and 

20 8A2B, optimized for the reference interferometer beam 
and the main interferometer beam, respectively. 
[0084] The embodiments of Fig. 5 and Fig. 6 are dis- 
tinctly different from each other but make use of the 
same basic arrangement of co-operating monolithic 

25 units 8 and 9 and single return mirror 4. Fig. 7 illustrates 
a structural layout of such arrangement that, with inci- 
dental minor variations, may be incorporated in the im- 
plementation of either embodiment. Fig. 7 has been 
drawn with the aim of emphasizing the main structure 

30 in accordance with the invention that is common to the 
two different embodiments. 

[0085] Whilst both Fig. 5 and Fig. 6 include a tracing 
of the axial rays, the perspective nature of Fig. 7 has 
offered an opportunity to show the separate paths of the 
35 two axial rays which, for the reason explained earlier, 
could not be shown in the plan view of Fig. 6. In Fig. 7 
the structural components bear the same reference as 
those of their diagrammatic counterparts in Figures 5 
and 6. The figure numbers and drawing references are 
40 from GB-A-21 63548, again, identified by adding (i.p.) to 
them. The functions of the elements common to the two 
figures and the optical path of the axial ray AR are as 
described with reference to Fig. 5. The description that 
follows will first be directed to the mounting of the vari- 
es ous components shown in perspective. Units 8 and 9 
are to be regarded as single components since they are 
of monolithic construction. 

[0086] All the components shown in Fig. 7 are sup- 
ported on a base plate 21 . Those identified diagrammat- 

50 ically in Figures 5 and 6 are mounted as follows:- the 
monolithic unit 8 and the return mirror 4 via a structure 
22 integrally defining bracket 22A, for retaining the unit 
8, and bracket 22B, for retaining the mirror 4, the said 
brackets having upright limbs 22A1 and 22B1, linked by 

55 a stiffening wall 22C, the horizontal limbs 22A2 and 
22B2 for affixing the structure 22 by means of screws 
22A3 (the rearmost 22A3 screw is obscured) and 22B3; 
the monolithic unit 9 via a support assembly 23 compris- 
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ing platform 23A, upon which the unit 9 is held by means 
presently to be described, said platform extending into 
a shaft 23B rotatable in upper sleeve bearing 24A and 
lower sleeve bearing 24B, both a force fit in a cylindrical 
housing 21 A extending from the underside of base plate 5 
21 , endwise location of the shaft 23B being provided by 
upper shaft collar 23B1 and lower shaft collar 23B2 
abutting against flange 24A1 of bearing 24A and bottom 
end of bearing 24B, respectively, and the collars being 
fastened to the shaft 23B each by a pair of grub screws 
(now shown). 

[0087] The manner in which unit 8 and mirror 4 are 
held in the supporting structure 22 and the unit 9 in sup- 
port assembly 23 will now be described with contained 
reference to Fig. 7, but, in the case of unit 9 with addi- 
tional reference to the exploded view of Fig. 7A. 
[0088] Integral with each of horizontal limbs 22A2 and 
22B2 is a pair of spaced bottom pads 22A4 and 22B4, 
on which rest the monolithic unit 8 and the mirror 4, re- 
spectively (only the front member of each pair is partially 
visible, the rear member of the first pair being ghosted 
and that of the second pair obscured). Integral with each 
of upright limbs 22A1 and 22B1 is a set of three backing 
pads, 22A5 and 22B5, arranged at the corners of a no- 
tional upturned equilateral triangle and providing a 
three-point abutment for the backs of unit 8 and mirror 
4, respectively (only the top front member of the first set 
is clearly visible and the remainder are largely or totally 
ghosted). Each of units 8 and 9 is held in abutment with 
the associated pads by three spring clips, 22A6 and 
22B6, respectively: two at the top and one at the bottom. 
The top clips are integrally formed, as shown, in a 
springy metal strip secured by screws 22A7 and 22B7 
to upright limbs 22A1 and 22B1, respectively. The bot- 
tom 22A6 clip is ghosted but its counterpart 22B6 is fully 
visible. Each clip is adapted to apply a slight compres- 
sive force directly in line with the associated backing pad 
to ensure that the optical units are not subjected to bend- 
ing forces that might introduce mechanically-induced 
distortions of the optical elements. 
[0089] In an alternative arrangement, the upright 
limbs 22A1 and 22B1 , as well as the stiffening wall 22C, 
are replaced by mechanically similar walls integral with 
a base casting. The horizontal limbs 22A2 and 22B2 are 
dispensed with altogether and the bottom pads 22A4 
and 22B4 as well as the pads 22A5 and 22B5 are also 
formed in the base casting. The base plate 21 is substi- 
tuted by a flat area of the base casting. 
[0090] The unit 9 rests on three supporting pads 23A1 
integrally raised from the platform 23A and is held in 
place by two long screws 23A2 engaging tapped holes 
23A3 in the platform 23a and extending outside the 
paths of the beams of which AR and LB represent the 
axial rays, respectively. Screws 23A3 co-operate with a 
foil of beryllium copper 23A4, provided with spring fin- 
gers 23A4A, in causing the said fingers to bear resilient- 
ly on the outer members of the unit 9 so as to urge the 
said unit against the pads 23A1 . 



[0091] A description of the driv for producing the 
scanning motion of unit 9 now follows. The lower end of 
shaft 23B is made fast to a scan drive arm 25 by means 
of a pin 25A driven through a bush 25B and the shaft 
23B, the bush 25B being a forced fit into a circular hole 
(not shown) provided at one end of drive arm 25. At the 
opposite end arm 25 ends in a boss 25C which should 
be regarded as taking the place of boss 11C1 (i.p.) in 
Fig, 5 (i.p.), to which figure the rest of the i.p. references 
in this paragraph relate. Drive means for rotating the 
shaft 23B and, therefore, the monolithic scanner unit 9 
between two opposite angular limits, is represented by 
the electric motor 37 (i.p.) co-operating with the lead 
screw 33A (i.p.). The translatory bidirectional motion of 
the lead screw 33A (i.p.) is transmitted to the arm 25 
through the linkage 11C5 (i.p.) which engages the boss 
25C (Fig. 6) in the manner that it engages boss 11C1 (i. 
p.) in Fig. 5 (i.p.). Details of the scan drive are given on 
page 33, lines 8-12, and on page 34, lines 13-25 with 
continuation on page 35, lines 1-14 of GB-A-2 163548. 
[0092] The axial rays AR and LB of the main interfer- 
ometer and reference interferometer beams, respec- 
tively, are traced in Fig. 7. When taken as a pair, they 
represent the optical input arrangement in accordance 
with the Fig. 6 embodiment. However, either of said axial 
rays might equally well represent the single axial ray AR 
traced in Fig. 5, which ray would however be shown on 
a path intermediate between those of AR and LB in Fig. 
7 for an efficient utilization of the available working area 
of the beam splitting layer 8A2. 
[0093] The 1/8 plate 30 (i.p.) shown in Fig. 7 is located 
to suit the Fig. 6 embodiment, wherein the main inter- 
ferometer beam and the reference interferometer beam 
are kept spaced apart, but could be readily relocated to 
suit the Fig. 5 embodiment, wherein the reference inter- 
ferometer beam occupies the core of the main interfer- 
ometer beam. The same laser is used in both embodi- 
ments and since the plate must only be traversed by the 
laser beam, the Fig. 5 requires a plate the area of which 
matches the cross-section of the laser beam whereas 
the Fig. 6 embodiment could tolerate a larger area, as 
long as it did not extend into the path of the separate 
main interferometer beam, but would find a matching ar- 
ea equally satisfactory. In other words, a matching area 
would suit both embodiments. The area of the 1/8 plate 
shown in Fig. 7 is purely indicative of a matching area 
or a slightly larger area. The plate is supported upon 
horizontal limb 22B2 by means of a slender stanchion 
(not shown). 

[0094] The relocation of the laser 25 (i.p.) and co-op- 
erating 26 (i.p.) is specific to the Fig. 6 embodiment and 
is the direct result of keeping axial rays AR and LB on 
separate paths through the interferometer. 
[0095] No input or output means are actually shown 
in Fig. 7 in order to detract as little as possible from the 
emphasis on the structural common ground between 
the Fig. 5 and Fig. 6 embodiments. It is however true 
that essential output means of GB-A-2163548 which 
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have been adopted for the Fig. 5 embodiments are part- 
ly retained for the Fig. 6 embodiment with some reloca- 
tion of parts. The input means, however, are quite dis- 
tinct, largely because in the Fig. 6 embodiment the op- 
tical input is modulated by the sample ahead of the inter- 
ferometer and is conveyed to the interferometer by an 
optical fibre. 

[0096] It will have been appreciated that although the 
embodiments, as hereinbefore described, of an FT 
spectrophotometer in accordance with the present in- 
vention differ fundamentally in the way the interferom- 
eter optics has been structured from the embodiment 
described in GB-A-2 163548, the general form of the 
electrical signals transduced from the optical signals re- 
mains substantially the same, to the point that the ar- 
rangement described in GB-A-2163548 for processing 
the data signals equally serves for processing the cor- 
responding signals produced by the embodiments of the 
present invention, which corresponding signals never- 
theless reflect enhanced stability and hence perform- 
ance. 

[0097] It is well established that the stability of an FT 
spectrophotometer essentially depends on that of the 
interferometer with which it is fitted. It follows that if ex- 
ceptionally high stability figures are achieved fro the FT 
spectrophotometer as a whole, it may be safely as- 
sumed that they are due to an intrinsically stable inter- 
ferometer structure. 

[0098] The FT spectrophotometer of GB-A-2163548 
adapted for integration with the interferometer of Fig. 7 
in the manner hereinbefore described was subjected to 
stability tests over a continuous period of 36 days, dur- 
ing which the interferometer was made to perform 3.5 
million OPD scanning cycles, in order to establish the 
percentage variation with time in the output energy re- 
corded at the 100% transmittance level. No precautions 
were taken to minimise external perturbations and no 
attempt was made to refine the stability of the FT spec- 
trophotometer which was designed for use as a labora- 
tory instrument. 

[0099] It was found that the high transmittance level 
of the FT spectrophotometer remained stable within 1%, 
in the 1 -micron region of the spectrum; and to within . 
75%, in the 2-micron region. By first allowing the instru- 
ment to settle down for an operative continuous period 
of 13 days and then extending that period by a further 
continuous period of 23 days, it was found that transmit- 
tance level during the second period remained stable 
within .5%, both in the 1 -micron and 2-micron spectral 
regions. The tests, therefore, provide confirmation of ex- 
ceptional ordinate stability. 

[0100] It was also verified that during the 36-day test 
period referred to above the positioning of the interfero- 
gram on the abscissa, relative to the data collection 
points determined by an HeNe reference laser, suffered 
no detectable shift. 

[0101] Such a high ordinate and abscissa stability tes- 
tify to the high stability of an FT spectrophotometer in- 



corporating an interferometer in accordance with the 
present invention, and hence of the interferometer on 
which such performance predominately depends. An 
even better performance could be reasonably expected 
5 if the spectrophotometer itself were refined to achieve 
exceptionally high stability. 

[0102] The embodiments described above are what 
are known as two-port interferometers, that is to say one 
port or aperture is the input (infra-red or laser beam) and 

10 the other port is an output (infra-red or laser beam). This 
applies even if the infra-red and laser beams propagate 
in opposite directions. Energy injected into one port will 
split with some emerging at the other port and some be- 
ing reflected back to the one port. As has been de- 

15 scribed the two port interferometer of the present em- 
bodiments uses a common return mirror for both beams. 
This mirror is generally perpendicular to the beams and 
the beams, therefore, return along the same paths for- 
ward beams. In some situations this can cause unwant- 

20 ed reflections. 

[0103] An alternative type of interferometer is a four 
port interferometer. In such an interferometer the return 
beams do not follow the same paths forward beams, but 
recombine at a separate beam recombiner (physically 

25 identical to the beam splitter). In some cases this can 
be a different region of the beam splitter and in the case 
of polarised interferometers can be the same area, but 
different polarisation. The consequence is that there are 
two separate output beams physically separate from the 

30 input beam and there are two choices of position for the 
input beam, hence four ports. 

[0104] The present interferometer can be converted 
into a four port interferometer by substituting for the sin- 
gle return mirror a roof top type mirror which is formed 

35 of two mirrors set with their planes at right angles, and 
at 45 degrees to a horizontal plane passing through their 
point of intersection. The intersection of the mirrors lies 
in a horizontal plane perpendicular to the forward paths. 
Such an arrangement is shown schematically in Figure 

40 8 of the drawings. In Figure 8 the two mirrors making up 
the roof top mirror are shown at 50, 51 is a tuning pair 
and 52 is a beam splitter and backing mirror. The two 
semi reflecting mirrors shown generally at 55 constitute 
a dichroic splitter and beam recombiner. In operation the 

45 two beams propagating towards the rooftop mirror 50 
strike the top mirror and are deflected through 90 de- 
grees onto the bottom mirror from where they are re- 
flected back towards the tuning pair and beam splitter 
along paths parallel to the forward beams, but at a lower 

50 level. At the beam splitter and recombiner 55 the beams 
recombine to provide the two output beams which are 
physically separate from the input beam. 
[0105] This modification retains the advantages of the 
two port devices described in detail above in that it is 

55 insensitive to minor misalignment of mirrors. For exam- 
ple any error in the angle between the two mirrors form- 
ing the rooftop mirror affects both beams equally and 
therefore does not affect the parallelism of the recom- 
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bined beams. Thus it will be seen that by substituting a 
single roof top type mirror for the planar return mirror of 
the two port arrangement it is possible to convert the 
two port arrangement into a four port arrangement. 



Claims 

1 . An optical instrument comprising a beam splitter/re- 
combiner assembly to produce two parallel light 
beams (ART, ARR) from an incoming light beam, 
and to recombine such beams, characterised in that 
said beam splitter/recombiner (8) comprises a flat 
first plate (8A) transparent to said light, said plate 
(8A) having part (8A2) of one surface partially re- 
flecting, a reflecting surface (8B2) mounted in 
spaced parallel relationship to said first plate, said 
reflecting surface facing the partially reflecting sur- 
face of the first plate, the arrangement being such 
that a light beam (AR) incident on said first plate 
(8 A) traverses the thickness of said first plate to be 
partially reflected by said partially reflecting surface 
(8A2) to thereby produce a first beam (ARR), which 
propagates back through the thickness of the first 
plate, and the partially transmitted portion propa- 
gates to said reflecting surface (8B2) and is reflect- 
ed therefrom so that it passes through a non-reflect- 
ing part of the said surface of said first plate (8A) 
and through the thickness of the first plate to pro- 
duce said second beam (ART) substantially parallel 
to said first beam, whereby said two beams propa- 
gate a corresponding distance through said first 
plate. 

2. An optical instrument according to claim 1 , wherein 
the beam splitter/recombiner assembly (8) is a 
monolithic device in which the reflecting surface 
(8B2) is formed on a second plate (8B) and said first 
plate (8A) and second plate (8B) are mounted upon 
spaced parallel slabs (8C1, 8C2) to thereby define 
an air gap (AS) between the plates. 

3. An optical instrument according to claim 2, wherein 
the slabs (8C1, 8C2) and the second plate (8B) are 
made from a common material. 

4. An optical instrument according to claim 2, wherein 
the slabs (8C1, 8C2), and the first and second 
plates (8A, 8B) are all made from a common mate- 
rial. 

5. An optical instrument according to claim 1 , wherein 
the instrument is a Michelson type interferometer 
having means (1 A) for producing a collimated input 
beam which propagates to said beam splitter/re- 
combiner (8), an optical path difference scanning 
means (9) arranged to receive one of said beams, 
and a single beam return means (4) common to both 



beams for returning the beams incident thereon 
along a path corresponding to the incident path. 

6. An optical instrument according to claim 5, wherein 
5 the interferometer is an FT interferometer. 

7. An optical instrument according to claim 5, wherein 
the single return means (4) comprises a single flat 
mirror. 

10 

8. An optical instrument according to claim 5, wherein 
the single return means (4) comprises a rooftop 
type mirror. 

15 9. An optical instrument according to claims 5, where- 
in the optical path difference scanning means (9) 
comprises a pair of spaced parallel plates (9A, 9B) 
having mirroe (9A2, 9B2) disposed in facing rela- 
tionship, said plates being mounted for rotation 

20 around an axis (AX) parallel to said mirrors. 



Patentanspruche 

25 1. Optisches Instrument, das eine Strahlteiler/Rekom- 
binationseinrichtung umfaftt, urn zwei parallele 
Lichtbundel (ART, ARR) von einem einlaufenden 
Lichtbundel zu erzeugen und solche Bundel zu re- 
kombinieren, dadurch gekennzeichnet, daft die 

30 Strahlteiler/Rekombinationseinrichtung (8) eine fur 
das Lichtdurchlassige, flache, erste Platte (8A) um- 
fafit, wobei die Platte (8A) einen Teil (8A2) einer 
Oberflache aufweist, der teilweise reflektiert, eine 
reflektierenden Flache (8B2) in beabstandeter par- 

35 alleler Beziehung zu der ersten Platte angebracht 
ist, die reflektierende Oberflache zu der teilweise 
reflektierenden Oberflache der ersten Platte weist, 
und die Anordnung derart ist, dafi ein Lichtbundel 
(AR), das auf die erste Platte (8A) fallt, die Dicke 

40 der ersten Platte durchquert, urn teilweise durch die 
teilweise, reflektierende Flache (8A2) reflektiert zu 
werden, urn dadurch ein erstes Bundel (ARR) zu 
erzeugen, das sich durch die Dicke der ersten Plat- 
te hindurch zuruckfortpflanzt, und sich der teilweise 

45 hindurchgelassene Anteil zu der reflektierenden 
Oberflache (8B2) fortpflanzt und von ihr so reflek- 
tiert wird, dad er durch einen nichtreflektierenden 
Teil dieser Oberflache der ersten Platte (8A) und 
durch die Dicke der ersten Platte hindurchgeht, urn 

50 das zweite Bundel (ART) zu erzeugen, das im we- 
sentlichen parallel zu dem ersten Bundel ist, wo- 
durch sich die zwei Bundel uber eine entsprechen- 
de Strecke durch die erste Platte hindurch fortpflan- 
zen. 

55 

2. Optisches Instrument gemaft Anspruch 1 , wobei die 
Strahlteiler/Rekombinationseinrichtung (8) eine 
monolithische Einrichtung ist, in der die reflektieren- 



13 



25 



EP 0 681 166 B1 



26 



de Oberflache (8B2) auf einer zweiten Platte (B) ge- 
bildet ist, und die erste Platte (8A) und die zweite 
Platte (8B) auf parallel beabstandeten Scheiben 
(8C1, 8C2) befestigt sind, um dadurch einen Luft- 
zwischenraum (AS) zwischen den Platten zu be- 
grenzen. 

3. Optisches Instrument gemali Anspruch 2, wobei die 
Scheiben (8C1 , 8C2) und die zweite Platte (8B) aus 
einem gemeinsamen Material hergestellt sind. 

4. Optisches Instrument gemafi Anspruch 2, wobei die 
Scheiben (8C1, 8C2) und die erste und die zweite 
Platte (8A, 8B) alle aus einem gemeinsamen Mate- 
rial hergestellt sind. 

5. Optisches Instrument gemaR Anspruch 1, wobei 
das Instrument ein Michelson-lnterferometer ist, 
das eine Einrichtung (1 A) zur Erzeugung eines kol- 
limierten Eingangsbundels, das zu der Strahlteiler/ 
Rekombinationseinrichtung (8) fortschreitet, eine 
Abtasteinrichtung (9) fur eine optische Wegdiffe- 
renz, die angeordnet ist, damit sie eines der Bundel 
empfangt, und eine einzelne Bundelruckfuhrein- 
richtung (4) aufweist, die beiden Bundeln zur Ruck- 
fuhrung derdarauf einfallenden Bundel entlang ei- 
nem Weg gemeinsam ist, der dem Einfallsweg ent- 
spricht. 

6. Optisches Instrument gemafi Anspruch 5, wobei 
das Interferometer ein Fouriertransformations-ln- 
terferometer ist. 

7. Optisches Instrument gemafc Anspruch 5, wobei die 
einzelne Ruckfuhreinrichtung (4) einen einzelnen 
Planspiegel umfalit. 

8. Optisches Instrument gemafl Anspruch 5, wobei die 
einzelne Ruckfuhreinrichtung (4) einen Dachgie- 
belspiegel umfafit. 

9. Optisches Instrument gemafc Anspruch 5, wobei die 
Abtasteinrichtung (9) fur eine optische Wegdiffe- 
renz ein Paar paralleler, beabstandeter Platten (9A, 
9B) mit Spiegeln (9A2, 9B2) umfalit, die in einander 
gegenuberliegender Beziehung angeordnet sind, 
wobei die Platten zur Drehung um eine Achse (AX) 
parallel zu den Spiegeln befestigt sind. 



Revendications 

1 . Instrument optique comprenant un assemblage se- 
parateur/dispositif de recombinaison de faisceau 
pour produire deux faisceaux de lumiere paralleles 
(ART, ARR) a partir d'un faisceau de lumiere en- 
trant, et pour recombiner de tels faisceaux, carac- 
terise en ce que ledit separateur/dispositif de re- 



combinaison de faisceau (8) comprend une premie- 
re plaque plate (8A) transparente a ladite lumiere, 
ladite plaque (8A) ayant une partie (8A2) d'une sur- 
face partiellement reflechissante, une surface refle- 

5 chissante (8B2) montee en relation parallele espa- 
cee a ladite premiere plaque, ladite surface refle- 
chissante faisant face a la surface partiellement re- 
flechissante de la premiere plaque, ia disposition 
etant telle qu'un faisceau de lumiere (AR) incident 

10 sur ladite premiere plaque (8A) traverse I'epaisseur 
de ladite premiere plaque de facon a etre partielle- 
ment reflechi par ladite surface partiellement refle- 
chissante (8A2) pour produire ainsi un premier fais- 
ceau (ARR), qui se propage en retour a travers 

15 I'epaisseur de la premiere plaque, et la portion par- 
tiellement transmise se propage vers ladite surface 
reflechissante (8B2) et est reflechie a partir de celle- 
ci de sorte qu'elle traverse une partie non reflechis- 
sante de ladite surface de ladite premiere plaque 

20 (8A) et traverse I'epaisseur de la premiere plaque 
pour produire ledit deuxieme faisceau (ART) sensi- 
blement parallele audit premier faisceau, ainsi les- 
dits deux faisceaux se propagent a une distance 
correspond ante a travers ladite premiere plaque. 

25 

2. Instrument optique selon la revendication 1, dans 
lequel I'assemblage separateur/dispositif de re- 
combinaison de faisceau (8) est un dispositif mono- 
lithique dans lequel ia surface reflechissante (8B2) 

30 est formee sur une deuxieme plaque (8B) et ladite 
premiere plaque (8A) et la deuxieme plaque (8B) 
sont montees sur des dalles paralleles espacees 
(8C1 , 8C2) pour definir ainsi un intervalie d'air (AS) 
entre les plaques. 

35 

3. Instrument optique selon la revendication 2, dans 
lequel les dalles (8C1, 8C2) et la deuxieme plaque 
(8B) sont composees d'une matiere commune. 

40 4. Instrument optique selon la revendication 2, dans 
lequel les dalles (8C1, 8C2) et les premiere et 
deuxieme plaques (8A, 8B) sont toutes composees 
d'une matiere commune. 

45 5. Instrument optique selon la revendication 1, dans 
lequel Instrument est un interferometre de type Mi- 
chelson ayant un moyen (IA) pour produire un fais- 
ceau d'entree collimate qui se propage vers ledit se- 
parateur/dispositif de recombinaison de faisceau 

so (8), un moyen de balayage de la difference de tra- 
jectoire optique (9) dispose pour recevoir un desdits 
faisceaux, et un moyen de renvoi de faisceau uni- 
que (4) commun aux deux faisceaux pour renvoyer 
les faisceaux incidents sur eux le long d'un chemin 

55 correspondant au chemin incident. 

6. Instrument optique selon la revendication 5, dans 
lequel I'interferometre est un interferometre FT. 
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7. Instrument optique selon la revendication 5, dans 
lequel le moyen de renvoi unique (4) comprend un 
miroir plat unique. 

8. Instrument optique selon la revendication 5, dans 5 
lequel le moyen de renvoi unique (4) comprend un 
miroir type toit. 

9. Instrument optique selon la revendication 5, dans 
lequel le moyen de balayage de la difference de tra- 10 
jectoire optique (9) comprend une paire de plaques 
paralleles espacees (9A, 9B) ayant un miroir (9A2, 
9B2) dispose en relation de vis-a-vis, lesdites pla- 
ques etant montees pour tourner autour d'un axe 
(AX) parallele auxdits miroirs. is 
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